Background: Ileoscopy is increasingly performed in dogs and cats with gastrointestinal signs, but iatrogenic ileocecocolic (ICC) perforations have not been described.
| INTRODUCTION
Endoscopy is used routinely to visualize the gastrointestinal mucosa and procure biopsy specimens from dogs and cats with a chronic history of gastrointestinal disease. 1 Performance of ileoscopy is increasingly common because of discrepancies between duodenal and ileal histopathologic results. [2] [3] [4] [5] Despite the increased frequency with which lower gastrointestinal endoscopy is performed, neither ileal nor cecal perforations have been reported, and none of the 4 reported colonic perforations occurred near the ileocecocolonic (ICC) valve. 6, 7 Ileocecocolonic perforations occur in 0.01%-0.16% of people undergoing diagnostic endoscopy. [8] [9] [10] [11] Although most perforations are detected by direct visualization of a rent and abdominal viscera or persistent abdominal distension, 24% are diagnosed 24-96 hours after endoscopy, typically because of persistent abdominal discomfort. 12 Mortality after surgical correction ranges between 0 and 25%, [13] [14] [15] with improved patient outcome for cases diagnosed immediately. 16, 17 The purpose of our retrospective case series was to characterize ICC perforations occurring secondary to diagnostic lower gastrointestinal endoscopy in dogs and cats. Information was collected regarding the time and method of diagnosis, possible predisposing factors, treatment, and outcome. Categorical data are presented as percentages. Continuous nonparametric data are presented as median (range). The case series was approved by the Royal Veterinary College ethical review committee (URN SR2019-0290).
| RESULTS

| Signalment and clinical presentation
Fifteen ICC perforations were identified by 7 university and 3 private referral hospitals between January 2012 and April 2019. Eight cases were reported through the ACVIM list-serve, 1 each from the ECVIM and CGS list-serves, and 5 from the authors' institutions. Perforations occurred in 13 dogs and 2 cats. Eleven dogs and both cats had undergone diagnostic endoscopy for clinical disease. The other 2 cases were healthy purpose-bred dogs being used in a gastroenterology research study and endoscopy training course (1 each).
The median age of the dogs was 9 years and 11 months (range, 2-14 years) and included 4 neutered females (31%), 3 intact males (23%), and 6 neutered males (46%). There were 3 cross-breed dogs (23%), with 10 dogs of different breeds. Their median weight was 
| Endoscopy
Perforation occurred during endoscopy performed by 1 supervised intern, 9 supervised internal medicine residents (2 first year, 6 second year, 1 third year), and 5 diplomates with 6-20 years of endoscopy experience. Olympus GIF videogastroscopes were used most frequently (n = 12), with Fujinon and Storz endoscopes used in 1 case each. The endoscope used was unknown for 1 case. Endoscope insertion tube external diameter ranged from 5.5 to 11 mm (median, 8.6 mm; n = 13), whereas working length ranged from 103 to 133 cm (median, 103 cm). The biopsy forceps used were known in 7 cases, including 3 oval cups, 2 alligator jaw-steps with a needle, and 1 each of serrated cup with or without a needle. Biopsy forceps were 2.3 mm in size in 4 cases, 1.8 mm in 1 case, and of unknown size for 2 cases.
Fasting time was unknown for 4 dogs and 1 cat. Dogs were fasted for a median of 48 hours (range, 12-48 hours; n = 9). One cat was fasted for 12 hours. Eight dogs and 1 cat were given a mixed solution of polyethylene glycol 3350 and electrolytes PO the day before endoscopy; 1 dog was given bisacodyl. Ten dogs and 1 cat received at Blind ileal biopsies were attempted in 1 dog (cecal perforation with delayed diagnosis) and 1 cat (ileal perforation). Endoscopic ileal biopsy specimens were successfully obtained in 5 dogs and 1 cat. Endoscopic ileal biopsies were not attempted in 4 dogs and 1 cat because of diagnosis of a cecal (n = 4) or colonic (n = 1) perforation adjacent to the ICC valve. Although seemingly rare, ICC perforation should be discussed with owners as a potential complication of ileoscopy when weighing the risks and benefits of the procedure. Endoscopic-induced perforation should be considered as a differential diagnosis for animals with abdominal distention or clinical deterioration after endoscopy; abdominal radiography remains the imaging modality of choice for diagnosis. 18, 19 Several risk factors have been associated with gastrointestinal perforation secondary to gastroduodenoscopy. Weight <10 kg is associated with increased risk of perforation in animals undergoing F I G U R E 2 Photographs obtain of the ICC junction surgically removed by resection and anastamosis from a dog 5 days after endoscopy. The iatrogenic perforation is located on the mesenteric border of the colon adjacent to the ICC valve and is visible to the left and below the caecum. ICC, ileocecocolic esophageal or gastric foreign body removal 20 but this was not the case for ileocecocolonoscopy. Perforations also occur more commonly in cats, particularly those with ulceration and severe inflammatory or neoplastic gastrointestinal lesions 21 but dogs were overrepresented in our study. Possible explanations for the higher number of perforations in dogs in our case series include less frequent performance of ileoscopy in cats because of equipment limitations, reticence in performing colonic preparation in cats, prioritization of full thickness biopsies in cats with muscularis thickening, and reporting bias. 22 It is also possible that samples are collected less frequently from cats because of challenges in differentiating inflammatory bowel disease from small cell lymphoma, as well as similarities in their treatment and outcome. [21] [22] [23] [24] Larger longitudinal studies will be required to determine the relative prevalence of ICC perforations in dogs versus cats.
| Diagnosis and management
Underlying disease was not identified at the site of perforation in any of the animals included in our series. In contrast, gastroduodenal endoscopic perforations are more frequently encountered in animals diagnosed with gastrointestinal lymphoma, marked inflammatory bowel disease or ulceration, suggesting that impaired gastrointestinal integrity might have been a contributing factor. 21 Histopathologic abnormalities in our study were limited to mild to moderate inflammation at sites distant from the perforation, with lymphangiectasia found in only 2 cases. Neither neoplasia nor ulceration was identified, and the majority of animals had good long-term outcomes.
In people, endoscopic ICC perforations are categorized as caused by either mechanical trauma or barotrauma; necrosis also is reported but only in association with therapeutic electrocautery. 12, 25 Mechanical trauma refers to direct perforation of the wall with an object, such as the endoscope or forceps. Pneumatic-or barotrauma-induced perforation refers to gastrointestinal rupture secondary to excessive insufflation without instrument-wall contact. Although infrequent in people, it tends to occur where the gastrointestinal tract wall is thinner or impaired (ie, the cecum or an area of ulceration, respectively). 25 Barotrauma previously was described in several cats with preexisting gastroduodenal ulceration 21 but no animal was found to have mucosal defects in our case series. The endoscope tip or biopsy forceps was believed to be the source of the trauma in 13/15 animals in our study based on the sizes and locations of the perforations. However, a negative effect of excess insufflation on intestinal wall pliability, and thus resilience to mechanical contact, cannot be ruled out.
The experience level of the endoscopist or ability to adequately visualize the colonic mucosa also could contribute to the occurrence of perforations. Technical ability differs markedly between experienced and novice veterinary endoscopists, 26 and gastroenterologists in human medicine are not considered competent at ileoscopy until after completion of extensive training, including intubating the ileum at least 50 times. 27 In our series, the majority (n = 10) of perforations were experienced by interns or residents, which might have been influenced by reporting bias. The endoscopist's experience level also has been identified as a risk factor for perforation in some, 28, 29 but not all, reports in human medicine. 12, 25, 30 Our findings emphasize the importance of formal endoscopic training and careful supervision of novice endoscopists during ileoscopy.
Inadequate visualization has been identified as a possible cause for ICC perforation in studies in humans. 12, 16, 31 Animals that experienced ICC perforation in our report were exposed to a variety of colonic preparation techniques. Although only 1 dog was deemed to have inadequate visualization of the colonic mucosa, grading of endoscopic visualization was performed by the endoscopist contributing each case. Furthermore, grading was not performed for 20% of cases. Future prospective studies that apply a standardized scoring system for adequacy of preparation will be necessary to determine the optimal pre-endoscopic colonic preparation in animals, as well as assess its impact on the risk of iatrogenic perforation.
Ileal biopsies have been found to improve diagnosis of small bowel disease in dogs and cats, and thus ileoscopy is recommended as part of endoscopic characterization of diffuse small intestinal diseases. [3] [4] [5] 24, 32 However, ileoscopy is a technically challenging procedure that might prolong the duration of general anesthesia and increase the risk of complications. 32 Multiple techniques of obtaining ileal biopsy specimens were used in the cases described here, but no clear association was found among the endoscopic maneuver performed, the location, or the perceived cause of the perforation. Our findings support recent recommendations that the decision to pursue ileoscopy be made on an individual basis. 32 Typically, endoscopists suspect endoscopic perforation if insufflation and visualization of the gastrointestinal mucosa cannot be maintained, the patient develops abdominal distension refractory to endoscopic suction, or the rent, peritoneum, or abdominal organs are visualized directly. 21 Delay in diagnosis of gastrointestinal perforations is more common in people undergoing therapeutic versus diagnostic endoscopy. Such perforations usually are smaller, occurring secondary to delayed tissue necrosis and impaired colonic wall integrity after electrocautery. 25 People undergoing diagnostic endoscopy more frequently develop larger perforations that are detected during the procedure, 14, 31 but microperforations secondary to biopsy forceps can result in delayed diagnosis. 25 Five dogs in our study experienced a delay in diagnosis of their perforations. Delayed diagnosis of rectal perforation secondary to therapeutic endoscopic interventions has been reported in 2 dogs. 33 Animals experiencing delayed diagnosis in our case series developed vague signs including lethargy, inappetence, abdominal discomfort, and retching. One dog presented instead with syncope associated with second degree AV block, likely caused by high vagal tone. Interestingly, all animals were normothermic. Abdominal radiography was performed in only 2 of 5 dogs with a delayed diagnosis and was diagnostic in both cases. Perforation was diagnosed in a third dog by thoracic radiography that included the cranial abdomen. Ultrasonography In several studies, morbidity rate increased in people when perforations were diagnosed >24 hours after endoscopy, 16, 31, 34 but other studies found no association between the time to detection and patient prognosis. 14, 17 The low number of cases in our series limits the ability to determine risk factors, but morbidity was higher in animals with delayed diagnoses. The overall outcome for animals experiencing iatrogenic endoscopic ICC perforation was very good, with 93% surviving to discharge and 78% surviving beyond 8 months, in comparison with animals with perforation secondary to gastroduodenal endoscopy where 86 and 57% survived to discharge and ≥8 months. 21 Our study had several limitations. Case enrollment relied on endoscopists to both remember and volunteer information about complications they might have induced, a potentially sensitive topic. Thus, our report might underestimate the number of ICC perforations documented. Furthermore, because the majority of list-serve recipients are specialists, endoscopic ICC perforations occurring in firstopinion primary care veterinary practices were not identified for inclusion. Wide variability in institutional record-keeping precluded determination of prevalence and potential risk factors. As with any retrospective case series, complete case follow-up was not always available, and some data were incompletely documented within the medical records. Additionally, although considered extremely unlikely, alternative causes for perforation cannot be definitively excluded given that not all animals underwent abdominal imaging before or immediately after the procedure. However, findings uniformly supported acute inflammation and perforation, making naturally occurring occult perforation unlikely.
| CONCLUSIONS
Iatrogenic ICC perforation is a seemingly rare but serious complica- 
